Abstract --Small signal stability is the ability of the power system to maintain synchronism under small perturbations. Such perturbations occur continuously on the system because of the small variations in load and generation where the system continuously adjusts itself to changing conditions. Restoring forces acting on the machines help them to maintain stable conditions. The system must be able to operate satisfactorily under these conditions and successfully supply the maximum amount of load. The "small signal" disturbances are considered sufficiently small for linearization of system equations to be permissible for the purpose of analysis. A general method, with all the preliminary steps, to perform small signal stability studies is presented in this paper. The approach presented is applied to the IEEE 118 bus system. Keywords: Small signal stability, Eigenvalues, and Participation factors.
I. INTRODUCTION
The most common form of instability between interconnected generators is loss of synchronism, monotonically, in the first few seconds following a fault due to lack of synchronizing torque and damping torque. The stability of the following types of oscillations is of concern [1] : 1) Local modes are associated with the oscillations of generating units at a particular station with respect to the rest of system. These oscillations are localized in a small part of the power system. 2) Interarea modes are associated with the oscillations of many machines in one part of the system against machines in the other parts.
The first step in a stability study is to make a mathematical model of the system. The elements included in the model are those affecting the machine. The complexity of the model depends upon the type of stability study. Generally, the components of the power system that influence the electrical and mechanical torques of the machines are included in the model. Such components are the loads and their characteristics, the network during (or after) the disturbance and the parameters of synchronous machines (such as inertia of the rotating mass). Thus, the basic requirements for these studies are initial conditions of the power system prior to the start of the disturbance and the mathematical description of the main components of the system that might affect the behavior of synchronous machines. All the steps involved in conducting a small signal stability study are discussed in the following sections.
II. POWER FLOW
To prepare the system data for a stability study, load flow studies are done. These studies establish the operating point about which the nonlinear differential equations of a multimachine power system are linearized. The algorithm used here incorporates the Newton-Raphson method for Mathematical Model ofMultimachine system An electrical network as shown in Fig. 1 has n nodes with active sources and r nodes where there are no generators. The admittance matrix of the transmission network looking into the network from the generator internal nodes (1, 2...n) is given by (1) . The current and the voltage vectors are of dimension ((n + r) x 1) and the admittance matrix is of dimension ((n + r) x (n + r)). Also, additional nodes are provided for the internal generator voltages (1, 2, The admittance matrix built using these steps is a complete mathematical model except that the loads, which are generally given in P+jQ form, are yet to be included. These load powers are converted into equivalent passive 1-4244-1051-7/07/$25.00 ©2007 IEEE. Also, all the nodes except for the internal generator nodes are eliminated and the admittance matrix is reduced from the dimension (n + r) x (n + r) to the dimension (n x n). This reduction (Kron' s reduction) is done by matrix operations considering the fact that all the nodes have zero injection currents except for the generator internal nodes. This property is used to obtain the network reduction. After re-ordering the nodes such that those with machines connected to them are given numbers 1-n and all the other nodes (without machines) are numbered n+l-r, equation (1) can be written as (3) . The desired reduced admittance matrix can be obtained using Kron' s reduction and is shown by (4 Equations ofMotion for the Multimachine System The electrical power injected into the network at node i, which is the electrical power output of machine i, is given by (5).
Pe i=Real{Ei E Y i E} (5) In (5), n is the number of generators. Expanding and taking the real part of (5) gives (6), the electrical power output of the generator i.
n Pe,i = EiEjYij c°s(6i -6j -70 i = 1,2,3... n (6) j=l The equation of motion (corresponding to the classical swing equation) is given in (7) . In (7), Hi is the inertia constant in seconds, f is the frequency in hertz and is constant (not affected by changes in co ), Pm, i is the mechanical power input for machine i, Pe, i is the electrical power output of machine i and coi is the relative angular velocity of the rotor of machine i. The complete set of equations of motion for a machine i, obtained by combining (6) and (7), is given by (8). 
The internal voltage E of a generator and the machine angle 6 may be computed from the pre-transient terminal voltage V and the terminal voltage angle a. They are computed using (9) and (10). To make calculations easier, the terminal voltage is temporarily used as reference (o=0) .
(4) _
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The initial generator angle 60 is then obtained by returning the reference back to system slack machine as shown in (1 1) [4] .
After obtaining the values of reduced admittance matrix given by (4) and the machine internal voltages and angles using (10) and (11), (8) 
Eigenvectors
Eigen analysis also includes the computation of eigenvectors, which are often not as well understood as eigenvalues but are very important quantities for analyzing the system. For any eigenvalue 2,, the column vector Pi that satisfies (27) is called the right eigenvector for ), [2] . The eigenvector Pi is defined by (28). The left eigenvectors, together with the initial conditions of the system state vector x, determine the magnitudes of the modes [5, 6] .
Participation Factors
The problem in using eigenvectors for identifying the relationship between the states and the modes is that they are dependent on units and scaling associated with state variables. As a solution to this scaling problem, the participation factor P is defined in (30) and (31) and is useful in identifying those states which have the most influence on any mode [1] . They are non-dimensional and their use removes all of the problems encountered when using right eigenvectors for deciding the importance of any state.
P=[P1 P2
Pn] (25) Pi [ [1] . In general, participation factors are useful in identifying those states which have the most influence on any mode. The higher the value of participation factor of a state for a corresponding mode, the more active is the state in that mode as compared to other states. The participation factor is a very important concept which helps in identifying small-signal stability problems for large power systems. These problems may be either local or global in nature [2] .
Local problems involve a small part of the power system. [3] and how it helps in identifying small signal stability problems is discussed in next section.
VI. RESULTS & CONCLUSION
The approach presented in this paper was applied to a IEEE 118 bus system [3] . The bus data and the branch data for the IEEE 118 bus system were obtained from [3] . To establish initial conditions for the stability analysis, the load flow solution was obtained. The voltages and angles are used to find the internal voltage magnitudes (E) and initial rotor angles for the machines. The admittance matrix is updated using these load impedances and the nodes other than generator nodes are eliminated using Kron reduction. The reduced admittance matrix is of size 54 x 54 because there are 54 generators in the system shown in Fig. 2 .
Once the reduced admittance matrix was formulated, the linearized equations of motion were written in the form of the linear state space model. Eigenvalues for the linear state space model are obtained using MATLAB and some are shown in Table 1 These eigenvalues are used to calculate participation factors for each of the modes. The participation factors of mode 1 (0 ± j98.0392) are examined here in detail. The active machines or the dominant machines for this particular mode are those, which have high participation factors as compared to the other machines and are given in Table 2 . It can be concluded from Table 2 It can also be observed from Fig. 2 that the farther a machine is from the most active machine or (machines), the less significant will be its contribution in that mode. If for some reason Mode 1 shows instability, then the participation factors of the machines for model show that the machines at buses 65 and 66 are more likely to go out of step as compared to the other machines. The absolute values of participation factors revealed which machines are involved in a mode or which machines could go out of step. This VII. REFERENCES
